Isatis tinctoria, Brassicaceae, Insecticidal and Fungicidal Activity Tryptanthrin (1), indole-3-acetonitrile (2) and p-coumaric acid methylester (3) were iso lated from the aerial parts of Isatis tinctoria L. The compounds show insecticidal and antifeedant activity against termites (Reticulitermis santonensis), insect preventive and control activity against larvae of the house longhorn beetle (Hylotrupes bajulus) and fungicidal activity against the brown-rot fungus (Coniophora puteana).
Tryptanthrin (1), indole-3-acetonitrile (2) and p-coumaric acid methylester (3) were iso lated from the aerial parts of Isatis tinctoria L. The compounds show insecticidal and antifeedant activity against termites (Reticulitermis santonensis), insect preventive and control activity against larvae of the house longhorn beetle (Hylotrupes bajulus) and fungicidal activity against the brown-rot fungus (Coniophora puteana).
In tro d u ctio n
In th e search for naturally occurring insecticides and fungicides we have found w oad (Isatis tinctoria L., B rassicaceae) having a history of use in folk m edicine [1] and in th e field of wood preservatives [2, 3] . W oad (leaves, juice, balsam ) was used for exam ple as a styptic surgical agent or laxative [1] . A n extract of Isatis tinctoria L. has also shown an antim icrobial activity [4] . In the M iddle A ges in digo, th e blue dye, was p roduced from w oad by a special procedure.
M aterials and M ethods

Bioassay
Insect preventive activity against H ylotrupes bajulus
Pine sap-w ood sam ples (50 X 25 X 15 m m ) w ere im pregnated with solutions of tryptanthrin (1) , indole-3-acetonitrile (2) o r p-coum aric acid m ethyl ester (3) in dioxane. T hirty egg larvae of H ylotrupes bajulus L. w ere allow ed to attack the w ood for 28 days. A t th e end o f th e assay the m ortality of the egg larvae and th e d ep th of nibbling at the im preg n a te d w ood w ere determ ined.
Insect control activity against H ylotrupes bajulus
Six m edium -sized larvae of H ylotrupes bajulus L. (w eight 5 0 -1 5 0 mg) w ere placed on each pine sapw ood sam ple (100 x 60 X 30 mm ). A fter 12 weeks Reprint requests to Prof. Dr. K. Seifert. Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 0939-5075/94/0100-0044 $01.30/0 one of th e surfaces (100 X 60 m m ) of each w ood sam ple was tre a te d w ith a solution of one of the com pounds in dioxane. T he o th er surfaces w ere sealed w ith a solution of gelatine. T he w ood sam ples w ere seasoned for 24 w eeks at 22 °C and 75% relative hum idity and th en th e m ortality was d eterm ined in 3 parallel assays.
Insecticidal and antifeedant activity against Reticulitermis santonensis
Screening test F ilter p ap er sheets (FN 4 -p ap e r for chrom atog raphy, 10 m m in diam eter) w ere im pregnated with 0.1 ml of solutions of 1 -3 in dioxane. A fter drying, the filter p ap er sheets w ere placed in petri dishes (20 m m in diam eter) and 20 w orking term ites (R eti culitermis santonensis D e F eytaud) w ere allow ed to attack the p ap er for 14 days in 6 parallel assays. The intestines of the dead term ites were placed in physiological N aCl solution and the m ortality of the intestine flagellates was determ ined by m eans of a m icroscope.
Laboratory assay
T he pine sap-w ood sam ples (30 X 30 X 10 m m ) w ere p ut into glass vessels (120 m m in diam eter X 70 mm ) containing quartz sand at the bottom . F or the food force assay, one im pregnated pine sap-w ood sam ple was in the glass vessel; for the food alte rn a tive assay, an im pregnated and an u n treated w ood sam ple w ere in the glass vessel. E ach vessel contain ed 200 w orking term ites, 1 soldier and 1 nym phae (3 parallel 4 w eek assays). 
A ntifungal bioassay
The antifungal com pound-containing fractions were subjected to T L C in CHC13-M eO H (99:1), the plates then sprayed w ith a spore suspension of Cladosporium cucum erinum (obtained from the firm Fahlberg-List M agdeburg), and incubated at 25 °C in the dark for 2 days. T he fungitoxic com pounds on the TLC plates w ere visible as w hite spots bare of mycelium in a dark grey layer o f th e m yce lium covering the plates [5] . The organic layers w ere collected, th e solvent was evaporated under red u ced pressure a nd th e residue was chrom atographed (X3) on silica gel. T he colum n was eluted w ith CHC13 and m ixtures of CHC13-M e O H (49:1 -1 :1 ) . T he fractions co n tain ing the appropriate com pounds w ere fu rth e r p u ri 
Results and Discussion
T he crude acetone extract of the fresh aerial parts o f Isatis tinctoria L. was checked for fungicidal com pounds using TLC. T he developed T L C plates of th e extract w ere treated with a conidial suspension COOCH.
F orm el 1 -3 .
of Cladosporium cucum erinum and incubated for 2 days. Inhibition zones proved the com pounds to be fungitoxic. B ioassay-directed fractionation of the w oad extract by m eans of silica gel colum n chro m atography and prep. TLC , yielded tryptanthrin (1), indole-3-acetonitrile (2) and p-coum aric acid m ethylester (3) as com pounds with fungicidal activity.
T ry p tan th rin (1), indole-3-acetonitrile (2) and p-coum aric acid m ethylester (3) w ere identified by physical a nd spectral d ata (MS, N M R ) and by com parison w ith auth en tic synthesized sam ples of these com pounds. T ry p tan th rin has already been isolated from Isatis tinctoria and characterized as an antid erm atophytic [6, 9] . Since detailed 13C N M R data are no t yet published, the know n assignm ents of the p ro to n signals of 1 [10] w ere tran sferred to carbons with attach ed protons using a one-bond heteronuclear shift correlation 2 D N M R experim ent.
[14C ]-Indole-3-acetonitrile could be detected in tissue of Isatis tinctoria after incubation with [14C]-indole-3-acetaldoxim [11] . T ryptanthrin (1), indole-3-acetonitrile (2) and p-coum aric acid m ethylester (3) w ere synthesized and tested for biological activity.
T ry p tan th rin (1) and indole-3-acetonitrile (2) show ed an insecticidal activity against larvae of the house longhorn b eetle (H ylotrupes bajulus L.).
In the assay for insect preventive activity the total m ortality of egg larvae was 88% (42% outside and 46% inside the w ood) after trea tm en t of the pine sap-w ood sam ples w ith indole-3-acetonitrile (con cen tratio n of the im pregnation solution 0.1% ) (T able I). T ry p tan th rin (1) and /7-coumaric acid m ethylester (3) show ed no activity against egg larvae at a co ncentration of 0.1% in this assay.
A t a concentration of 4% of the im pregnation solution (absorption capacity 350 g/m3) tryptan thrin (1) had a good insecticidal activity in the assay for insect control activity. T he m ortality of m edium sized larvae in th e w ood is 65% com pared with 3% in the control.
T he term ite species Reticulitermis santonensis D e F eytaud was influenced in the screening test differ ently by 1, 2 and 3. T he intestine flagellates react m ore sensitively th an the term ites (Fig. 1) . This finding is in accordance with results obtained by [12] . Indole-3-acetonitrile (2) had the highest activity. T he m ortality of th e intestine fla gellates was 100% after 7 days o f the treatm en t.
T hree days later all term ites w ere dead. In the case of treatm en t with try p tan th rin (1) th e m ortality of term ites was 46% and of the intestine flagellates 83% after 14 days. T he insecticidal activity of p-coum aric acid m ethylester (3) is low in com pari son with 2 ( Fig. 1) . W hen pine sap-w ood was tre a te d with 0.1% solution of tryptanthrin (1) and used in a food force assay of term ites, th e mass loss of th e w ood was only 44% of that of the control w ood (Fig. 2) . In a food alternative assay the tryptanthrin treated w ood was avoided by the term ites (Fig. 2) . T he m ass loss of th e w ood was only 0.3% in com parison with 12% of th e u n tre ate d wood. So com pound 1 show ed an an tifeedant activity against term ites.
T he fungicidal activity against C oniophora puteana (Schum.: Fr.) K arst, of com pounds 1 -3 is given in T able II. T he mass loss of the pine sapw ood of the control (20.6% ) was reduced by im pregnation of the w ood w ith 1 -3 . T ryptanthrin (1) show ed a good activity (mass loss of the w ood in the concentration range 0 .0 5 -0 .5 % , 3 .5 -2 .4 % ) even after treatm en t of the w ood sam ples with w ater. T he n atu ral com pounds 1 -3 from Isatis tinctoria L. im prove the biostability of the w ood due to their insecticidal, fungicidal and an tifeedant activity.
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